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I. t~emarks on Dr. Mills's 2~esearcl~es on Thermometrz]. 
By T. E. TIIORPE, _P/~.D., F.R.S., and A. W. RiiCKEa~ M.A. + 

A P A P E R  by Dr. Mills, F .R.S ,  entitled "Researches on 
Thermometry," has recently been published in the Trans- 

actions of the Royal Society of Edinburgh for 1880. We are 
ourselves engaged in a comparison of the air- and mercurial 
thermometers ; and therefore~ when Dr. Mills was good enough 
to send us a copy of his paper~ we naturally read it with con- 
siderable care and interest. Of the labour which he has ex- 
pended on several diiTicult thermometer-corrections we cannot 
speak too highly; but there are a number of points concern- 
ing which it would be desirable to have further information. 
Some of the difficulties we have found may be due either to 
errors, or to insui~icient explanation of the terms and symbols 
used ; and in view of the latter possibility and to avoid mis- 
understanding, we have been compelled to discuss the very 
simple mathematical formuim employed with what may be 
thought excessive minuteness. Dr. Mills divides his paper 
into six sections; and we shall head our remarks concerning 
any one of then: by the title which he has affixed to it. The 
sections are : - -  

I. Calibration and the calibration unit. 
II. The correction for the exposed thread. 

III.  The movement of the zero with (1) time and (2) 
temperature. 

+ Communicated by the Authors. 
Phil. May. S. 5. Vol. 12. No. 72. July 1881. B 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

3:
59

 0
2 

Ju
ne

 2
01

6 



2 Messrs. Thorpe and Riicker's Remarks on 

IV. Poggendorff's correction. 
V. Comparison of' the mercurial with the air-thermometer. 

VI. Effect of compression. 
In the present paper we confine our observations to the 

second and third of these points; in a subsequent communica- 
tion we may have something to remark on the others. 

The Exposure Uorrectlon. 
An account is given of a very lengthy series of experiments 

made to determine the correction due to the difference between 
the temperatures of the mercury in the bulb and in the stem 
of a thermometer when the latter is not immersed in the source 
of heat. This has usually been expressed as follows : - - I f  :N 
is the number of exposed scale-divisions~ T--t  the difference 
between the readings of the principal thermometer and of a 
second thermometer attached halfway up the exposed column, 
and ifyis the correction (of course expressed in scale-divisions)~ 
then 

y=  .0001545 (T-- t):N. 
The nmnber '0001545 is the coefficient of the apparent expan- 
sion &mercury in glass ; but there is no doubt (as Holtzmann, 
Mousson, and Wiillner have long since pointed oat) that this 
makes the value of y too great. 

Dr. Mills deduces from his experiments a corrected formula 
of the form 

y----(a + •N) (T--t)N. 

The expression a + BN, for shol~ness, he indicates by x. We 
have here two points to notice. 

Dr. Mills finds that x has different values for different ther- 
mometers, and then says (on p. 571):--"  The values of u agree 
It. e. in the case of theundernofed'thermometers], first when 
5~ has the following values¢'-- 

Thermometer. N. 
2 . . . . . . . . . . . . . . . . . . . . .  0'0 
3 . . . . . . . . . . . . . . . . . . . . .  166"0 
4 . . . . . . . . . . . . . . . . . . . . .  278"6 
6 . . . . . . . . . . . . . . . . . . . . .  123'2" 

It  is evident that 2/ is here a misprint for x~ as 2/ must 
vanish when N = 0 ,  and can vanish for no other positive value 
of ~ .  Hence it is impossible for the correction for a thermo- 
meter with an exposed column 166 divisions long to be equal 
to that of another when no part of the column is exposed ; for 
the former cannot (unless T= t ) ,  and the latter must, be zero. 

For equal values of T--t~ the correction for thermometers 2 
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Dr. ]gills's Researches on Tlte~'mometry. 3 

and 3 will be equal when (using an obvious notation) 

(.2 + = (-3 + 

If  we put Na----166 and use the coefficients given in the paper, 
we get a quadratic in N2, viz. 

('00014148 + .000000037880 N~)N2 

-- ('00013197 + "000000057030 x 166)166. 

Solving this by approximation, we find that N~ is (neglecting 
fi'actions) 159. Instead~ therefore, of the correction being 
the same (as the unfortunate slip with respect to the substitu- 
tion of y for x might easily lead an unwary reader to believe) 
when the number of exposed degrees differed by 166, it was 
the same when they were 159 and 166 respectively and there- 
fore differed only by seven. 

We have not thought it worth while to find the correspond- 
ing values of y for the other two thermometers employed~ as 
the following method of comparing the results appears to us 
to be more satisfactory than that given above. 

The interval between the freezing- and boiling-points was 
apparently divided into 400 divisions. If~ in order to make 
the differences large, we make the very favourable suppositions 
that the whole scale was in each case exposed so that 1~=400 
and that T--t----100 ° C,  we obtain for the values of the cor- 
rections for the themnometers 6"2652, 6"2312~ 5"9443~ and 
6"3076. As each division was about a millimetre long, it 
must have been impossible to read with certainty to less than 
a tenth; and thus the first place of decimals only is significant. 
So far, therefore, from proving that each thermometer "has 
its own independent equation for exposure correction/' these 
results seem to us to show that the exposure corrections below 
100 ° C. are~ in the case of three out of four similar thermo- 
meters, practically identical. If  the formulm are intended to 
apply to the measurement of temperatures higher than 100°~ 
in which case the differences between the colTections would 
be greater, experiments ought surely to have been made above 
that temperature. 

The second point we have to notice is a mistake in trans- 
forming the expression for the correction from scale-divisions 
of the thermometers to degrees Centigrade. It  is evident, if 
we consider the case of the same thermometer having two dif- 
ferent scales engraved upon it~ that the value of the correction 
in terms of a scale-division must be inversely proportional to 
the length of a division~ and therefore direct~ proportional to 
1~ or the number of divisions exposed. ~ence the factor 

B 2  
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4 Messrs. Thorpe and Riicker's Remarks on 

a + B N  in the expression 

y =  (a +BST) ( T - 0 N  
must be independent of the scale. Thus, if we change from a 
scale in which the length of the exposed column is measured 

N 
by N scale-dlvisions to another in which it is measured by n '  

we must change/~ to n~. As, therefore, a scale-division of 
the thermometers used corresponded to a quarter of a degree, 

N 
N divisions on this scale correspond to ~- divisions when de- 

bgrees Centigrade are employed; and thus we must multiply B 
y 4 .  

The mean expression for .v in terms of scale-divisions ob- 
tained from the observations on the four thermometers is 

,v='00013321 + "000000053046 N. 

Dr. Mills writes (p. 571), as the equivalent of this when the 
degree Centigrade is the unit, 

~v= "00013321 + "000000013261 N. 

He has therefore divided the coefficient of • by 4 instead of 
multiplying it by that number, and has thus not only allowed 
a serious error to creep into what is perhaps the most import- 
ant formula in his paper, but has done himself the great injus- 
tice of making his own correction appear sixteen times less 
than it really is. 

I f  the above expression for x is taken as it stands, the second 
term in the expression for y is 

• 000000013261 ( T -  t)N ~ ; 
and if 

T - - t = N =  IO0, 
this becomes "013261. 

Now a thermometer graduated for 100 °, and on which it was 

~ ossible to read to the hundredth of a degree, would be ofinor- 
inate length ; and as the miltimetre divisions on Dr. Mills's 

thermometers corresponded to 0°'25, he could not possibly 
have read to less than 0°'02. In other words, if the formula 
as given is correct~ the term added by Dr. Mills to the expres- 
sion for y may not only be neglected for all ordinary instru- 
ments, but would have been absolutely inappreciable on those 
he used. 

The correct value of S in terms of the Centigrade scale, as 
deduced from Dr. Mills's experiments, is 

y =  ('00013321 + "000000212184 N)(T-- t)SL 
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Dr. Mills's Researches on Thermometry. 5 

Zero Movements. 
With regard to the investigation of the movement of the 

zero, we would remark that it would have been simpler to use 
a fornmla which expressed the use of the zero directly. The 
expression adopted by Prof. 5Iills is 

y = Aa ~ + B~ ~, 
where x measures the time, and A, B, a and ~ are constants. 
The quantity iV is called the total remaining ascent, and "A  + B 
represents the total ascent," i. e. the whole rise up to some 
fixed time. 

The rise of the zero (Z) up to the time x is therefore evi- 
dently 

Z - - A + B - - y ;  

and the tables would have been more useful had this quantity 
Z been given instead of y. 

The account of the movement of the zero with temperature 
is so involved that it constitutes a riddle which it took us 
some time to read. We quote the opening sentence : - -  

" I t  has long been known that the immersion of a thermo- 
meter into boiling water almost invariably lowers the zero. 
The only consecutive series of observations of the effect of 
temperature that I have been able to find is due to t tenrici  *. 
His results are readily comprised in the equation 

y =2"100( '981) ~- '099(1"360)~; 

y being the total remaining ascent, and the unit of x being 
10 ° C. The starting-point of the observations was 50 ° C.; 
and the depressions were consecutively observed at every 10 ° 
to 100 °. 

"Table vii. 

x. Zero observed, y. y cale. 

0 0.00 2'00 

' iiiiii -o o 3 --0"25 1"75 1"73 
4 ...... --0"40 1 "60 1"61 
5 --0"60 1"40 1"45 , 
Probable error of a single comparison ...... "023 

The formula here employed is of the same form as that used 
above, except that one of the terms is negative. The quantity 
y is, as before, called " t h e  total remaining ascent." The 
effect of heating the thermometer having been to depress its 

* "Pogg. Ann. I. 251." 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

3:
59

 0
2 

Ju
ne

 2
01

6 



6 Messrs. Thorpe andRficker 's  Remarks on 

zero, the total ascent one would naturally suppose would be 
qUal to the total depression ; or, if the secular elevation of 
e zero could not be neglected, the ,c total ascent" however 

it might be compounded of this and of the temporary effect due 
tO heating, would at all events increase with the temporary 
depression. 

The table, however, shows that y grows less as the depres- 
sion of the zero increases ; and it is only from it that we are 
able to gather the relation between y and the position of the 
zero. I f  

y = Aa~-- B3  ~, 

and Z be the change in the position of the zero (depressions 
being taken as negative), then 

z =  - t A--m- B-yt = - ' 2  + y  
in the example given. 

But though this expression is algebraically similar to that 
obtained for the secular movement of the zero, the meaning 
of the quantity y is quite different. In the first case it is the 
amount by which the reading for the zero falls short of a posi- 
tion which may be attained at some future time. In the 
second case it is the amount by which the depression of the 
zero falls short of that which may be produced by some future 
heating. If  therefore any such name is to be applied, it should 
here be the total remaining descent. Even with this modifi- 
cation, however, the nomenclature is very misleading, as there 
is nothing to show that the points from which the "remaining"  
ascent or descent is measured are really limits to the motions 
of the zero. 

The experiments on three other thermometers (455, 3, and c) 
are then descr ibed:-  

" The results for thermometer 3 are given in terms of its 
scale, one division of which was equal to 0°"280. The equa- 
tions a r e - -  

='2.869 (.998), x, 
Y3 ----4"7'23(1"006) x-'7'23(1"1964) *, 

Yc = 1"112('9986)*-'112 (1"`299)'. 

the values of a unit of x being respectively 13 °, '20 °, 38°. '' 
It will be observed that all these expressions are similar to 

that given above for IIenrici's thermometer. In all y is post- 
tire for small values of x ; in all it diminishes as x increases. 
The three ibrmulm are illustrated by a table ; and for all three 
the tabulated values of y are of the same sign. Both formulse 
and table would therefore lead us to expect that, as in the case 
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Dr. MiHs's Researches on Thermometvg. 7 

of Henriei's thermometer, the zeros were depressed, and that 
the depression increased with the temperature to which the 
thermometer was subjected. 

Immediately after giving the table, however, Dr. Mills says 
(p. 579):-- "~The starting-point of the observations with ther- 
mometer 455 was 168°'6. When in its equation y--0,  
.v=10"61, the ascent under the influence of heat was thus 
converted into a depression after 306o'5." We shall have 
presently to refer to this change of direction of the motion of 
the zero. It is for the moment sufficient to say that no expe- 
riments were made at a temperature so high as 306 °, and that 
therefore over the whole range of the observations the zero 
ascended. It is, however~ hardly fair to the reader to leave 
him to gather, from the remark just quoted, a fact of which 
neither the formula nor the table gave any hint, viz. that 
thermometer 455 behaved differently from ttenrici~s, and that 
the zero ascended under the influence of heat. As to what 
the nature of this ascent was we are in the dark. Does Prof. 
Mills mean that the first heating depressed the zero, and that 
by subsequent hearings this depression was diminished ? Or 
does he mean that the first heating raised the zero, and that 
subsequent hearings increased this elevation ? We presume 
the former hypothesis is the correct one; butj as far as we can 
see, there is nothing either in the formulse, the table, or the 
text to assure us of this. The fact, however, that in some 
cases heating raised the zero, probably supplies the reason 
for retaining the name "total remaining ascent," a descent 
being considered a negative ascent. But even if this could 
be justified by the analogy of such expressions as negative 
acceleration~ it certainly does not assist the reader to assume 
that he will understand that an ascent is really a going down~ 
without informing him of the convention which has been made. 

We have dwelt at length on these points, not fl-om any wish 
to draw attention to mere faults of exposition, but because we 
have now a nmch more serious matter to refer to;  and we 
wish to show that if in this we have misunderstood Dr. Mills~ 
it is because he is not very easy to understand. On page 578 
Dr. Mills says : - -  

"The depresssion at 100 ° in Henrici's instrmnent is by far 
the largest at present recorded. It can easily be shown from 
the equation, that y--0  when x--9"35; so thatthe zero in this 
case would have begun to rise after the immersion of the bulb 
in a bath at 143°'5." 

Remembering that 
y = 2"100('081)'--"099(1'360) ", 
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8 Messrs. Thorpe and Riicker 's .Remarks on 

and that  the relation betweeny and the position of the zero, as 
gathered from the table given above, is 

Z= --2 +y, 
we are at a loss to understand this remark. The depression 
of the zero Z becomes greater as y becomes less ; and this is 
no way affected by the passage of y through the value 0. For  
numerically increasing negative values of y we get  increasing 
depressions. I t  seems, therefore, that the statement that  the 
formulae point to a change in the direction of the motion of the 
zero is due to a confusion between Dr. Mills's // and our Z, 
and that, as a matter  of fact, no such change is indicated. I f  
we are wrong in this conclusion, we can only apologize to Dr. 
Mills and ask him to state w h a t / / r e a l l y  means.': ' I f  we should 
turn out to be right, we are aft.aid th-is error upsets all the 
inferences drawn by him from his formula~. But  even if we 
have misunderstood the meaning of Dr. Mills's y, the deduc- 
tions in question appear to be open to grave criticism. 

The conclusion drawn from the experiments is, that  " t h e  
zero of an ordinary vacuous mercurial thermometer  undergoes 
three distinct movements under the influence of heat. I t  is 
at first depressed under the action of temperature, varying 
with each particular case . . . . .  The further application of 
heat causes the zero to ascend . . . . .  , after which it again 
descends." 

I f  we call the temperatures a t  which these changes take 
place turning-points, the following table fairly sets forth the 
grounds on which the conclusions are based. 

TxBr~. I.  

Thermometer. 

[ 

ttearid's. 

Lowest temperature to which ] i 
the thermometer was heated ] I 50 °'0 

Corresponding value of// ......... ] 2"000 
Highest temperature to which ] / 

the thermometer was heated ] ! 100°'0 
Corresponding value of y ......... ! 1"400 
Motion of zero after heating ... descent 
Turning-p0ints calculated by] 143o.5 Dr. ~Iills .......... - -~  

Dr. Mills's. ! 

455. 3. c. 

168 ° .6 40°.0 48 ° .1 
2.726 4.000 1.000 

296°'8 120 °.0 239°.2 
0.554 3.356 0.686 

ascent descent ascent 
306°.5 256o.7 379o.8 

I t  will be noticed that in no case is a "turning-point" in- 
cluded within the range of' temperatures actually observed; 
and that  in all, therefore, the existence of the upper point is a 
theoretical deduction from the formulm. We  cannot, how- 
ever, allow that such a deduction, even if algebraically cor- 
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Dr. Mills's Researches on Thermometry. 9 

reef, is legitimat e. Any one who has experience in the mathe- 
matical expression of the results of experiment must soon be 
strongly impressed with the untrustworthiness of empirical 
formulm when their application is extended beyond the range 
of the observations themselves. The same series of figures 
can often be represented with almost equal exactness by 
very different mathematical expressions ; and the curves to 
which these are the equations, though closely concordant 
for the range of the experiments, may have outside that range 
very different geometrical properties. We may indeed, in 
some cases, determine the constants in a formula which rests 
upon a theoretical basis from a limited series of experilnents~ 
and then extend its application ; but it is very dangerous to 
argue from the form of a purely empirical equation. Instances 
may be quoted where such a formula has & posteriori been 
proved to hold for a much greater range than could have been 
anticipated ; but it must be admitted that a determination of 
the position of a maximum or minimum from an empirical 
equation is worth very little, even when it lies within limits 
of the experiments, unless special precautions are taken, and 
that deductions as to the position, or even as to the existence, 
of such points when lying far outside those limits are abso- 
lutely untrustworthy. No on% for example, believes that the 
point of maximum density of ethyl alcohol is either at - 56°'6 
or at --89°'5, as deduced by Muncke fi'om two separate and 
faMy concordant expressions for its expansion between 0 ° and 
its boiling-point. Dr. Mills, however~ seems to trust his 
formulse implicitly, ttenrici observed a thermometer between 
50 c and 100°; and Dr. Mills infers a point of maximum descent 
at 143°"5. Thermometers 3 and c were observed for ranges 
of 80 ° and 190 ° respectively; and in each case conclusions are 
drawn respecting points about 140 ° above the highest tem- 
peratures observed. We venture to think~ not that there is 
grave doubt as to the exact positions of the alleged maxima 
and minima (that, of cours% would be granted), but that the 
fonnulm afford no evidence of their existence. Even in the 
case of thermometer 455 it is an open question whether a point 
of maximum ascent or a point of final repose was being 
approached. 

We turn next to the explanation given of~he motions of the 
zero-point. " The first effect of heat on the bulb is ordinary 
expansion attended with a ' set.' The second or further effect 
is to cause the thin part of the glass to become sufficiently 
plastic to yield to the influence of barometric pressure, which 
causes a gradual collapse. In the third, or final, stage, at 
which the vapour of mercm T has a sensible tension, the bulb 
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10 Messrs. Thorpe and Riieker's Remarks  on 

is enlarged by outward pressure due to that cause, and the zero 
descends. I f  the above view be correct, it would follow that 
a thermometer open to the air and kept always in a vertical 
position would always exhibit a descending zero; the descent 
in the first stage being due to expansion and set as before, but 
in the later stages simply to the weight of the mercury acting 
upon a bulb now rendered partially plastic by heat. I cannot 
find that other investigators have left any record of such an 
experiment." Dr. Mills then gives the following table to 
show that the zero of an open thermometer observed after 
beatings to 50 °, 100 °, 150 °, and so on up to 350 °, fell more 
and more after each heating : - -  

Zero (therm. 20). Scale.  Depression. 

Before experiment ... 
O A f t e r  50 ............... 

,, 102 ............... 
,, 150 ............... 
~ ~ 0 0  . . . . . . . . .  , .  . . . .  

,, 250 ............... 
,, 310 ............... 
,, 350 ............... 

+.262 c. 
.134 

- .058 
.203 
-360 
.547 
.494 
.570 

0.000 
.128 
.320 
.465 
.622 
.809 
.756 
.832 

" The first seven observations were made consecutively on 
one day, the eighth nearly two days later. The temperatures 
are not corrected." 

We may point out that observations 6 and 8 in the above 
table are discordant~ and that, i f  we have to reject one, it 
should rather be the eighth, which was made two days after 
the others, than the sixth, which is more directly comparable 
with them. I f  we therefore reject the last experiment instead 
of the sixth, as Dr. Mills practically does, the table is in con- 
tradiction to his theory, and shows a maximum depression 
after the thermometer was heated to 250 ° . 

In any ease, as the increments of the depressions at higher 
temperatures are less than for the lower, we think Dr. Mills 
ought to have tried whether, if these results were expressed 
by a formula similar to that employed in the preceding cases~ 
it would not have given a minimum at some higher tempera- 
ture. The fact that it is impossible to carry on the experi- 
riments much above 350 ° with mercury is no reason for 
regarding the formulm as less trustworthy beyond that point 
than the others which were treated in this way. 

I f  by a rising zero is meant a zero which is less depressed after 
every heating, some observations of our own prove that it is 
quite possible to obtain this with an open tube. The bulb of a 
JoUy's air-thermometer of about 90 cub. centim, capacity~ 
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Dr. Mills's Researches on Therrnometry. 11 

the stem of which was graduated in millimetres, was exhausted 
by means of a Sprengel's air-pump and filled with mercury. 
I t  was then placed in melting ice; and when the position of 
the mercury in the stem had become constant, it was noted. 
The bulb and its contents were then immersed in boiling water, 
and the reading in melting ice was again determined. The 
zero was found to be considerably depressed; but if  the bulb 
was left at the temperature of the air, this depression steadily 
diminished. The experiments of heating the bulb once and 
observing the zero were repeated after an interval of four, 
and again after another interval of thirteen days, with the result 
that after the second and third hearings the zero fell to the 
same position as it had taken up after the first. The method 
of experiment was then changed. The bulb was raised to 
about 100 ° C.; and the water with which it was surrounded, 
having been allowed to boil for a few minutes, was run off, and 
the bulb was left to cool for half an hour or thereabouts. This 
operation was repeated during three consecutive days, in all 
twenty times; and the zero-point was determined as before. 
The mean depression of the zero immediately after the three 
previous boilings had been 12"38 millim.; it was now found 
to be only 9"35 millim. Twelve days afterwards the alternate 
heating and cooling was again commenced, and in the course 
of five days was repeated fifty times. The depression of the 
zero immediately after the last boiling was 7"71 millim. It  
had therefore been still further reduced. 

The experiments are summed up in the following table : - -  

TABLE II. 

I. 

Days after 
heating. 

0 . . . . .  

2 
3 . . . .  

4 
5. 
6 , .  

9 . . . . .  

18 ......... 

II .  
I 

IlL F 

I I .  

i 

12"40: 12"35 

~'.80 ::: 
~'.~o ::: 
::: ~'.~s 
... 6'68 

. . .  I ~'.~o 

IV. 

I I I .  

12"39 
9"66 
8'49 
8'30 
7"98 

V ,  

IV .  

9"35 
7"61 

, 5 : &  

4.'23 

vI. 

V. 

7"71 

2.7 

There were in all, as has just been stated, 5 series of ex- 
periments. Column I. gives the nm~ber of days which had 
elapsed since the last heating to ~hieh the loulb had been 
subjected in any particular series, at the time when the oh- 
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12 Remarks on Dr. Mills's Researches on Thermomet~ T. 

servations of the position of the zero recorded in the other 
columns were made. The numbers in the oth~r columns are, 
in all cases, the depressions of the zero measured in milli- 
metres below the original position observed before the bulb 
had been heated for the ilrst time, i. e. in the first series of 
experiments. 

These observations, then, show that the depression of the 
zero of an open thermometer diminishes (1) with the lapse of 
time after it has been disturbed by heating, (2) with nu- 
merous and rapidly recurring hearings and coolings. The 
latter of these two phenomena is identical with what we 
understand Dr. Mills to mean by an ascent of the zero; and 
we have therefore proved (as has indeed been noted by other 
observers) that this can be produced by frequent heating ; but 
the fact that it has thus been observed in an open tube is 
not in accordance with Dr. Mills's explanation of these 
movements. 

His experiments differ from ours in the ikct that the bulb 
was raised, not to the same, but to continually increasing 
temperatures; but beibre any certain conclusions can be 
drawn, it would be necessary to know something about the 
past history of the thermometers employed. The effect of 
heating is "almost invariably" to depress the zero; the effect 
of frequent heating is to diminish this depression; and thus 
the effect of any particular heating is dependent in part on 
those which preceded it. It has generally been supposed that 
by repeated heating and cooling the fluctuation of the zero could 
be reduced to a very small amount; and Dr. Mills's experi- 
ments agree with this, in that thermometer 455 (which, as far 
as his paper shows, was heated most frequently) is that which, 
according to his formula, was most nedrly approaching a 
stationary point. However this may be: it is evident that it 
cannot be the atmospheric pressure which causes the zero of 
an open tube to rise when it is frequently heated, and there- 
fore that it need not be atmospheric pressure which produces 
the same effect in a closed thermometer. 

Summing up, then,--ourcriticisms on Dr. Mills's paper are 
as follows:-- 

(1) The method of comparing one factor only of the ex- 
posure correction for different thernmmeters, viz. x, instead 
of the whole correction y, tends to exaggerate the importance 
of the variation of the corrections. ]n the case of three out 
of the four thermometers observed, it is, within the limits of 
the error of experiment, the same ibr the largest possible ex- 
posure and for a temperature-difference ~hieh is probably 
greater than any of those for which observations were made, 
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On tlse Conservation of Eieetrlcily. 13 

(2) The formula for the exposure correction in terms of 
degrees Centigrade is given incorrectly. 

(3) In the investigation of the movement of the zero with 
temperature, we think that, by a mistaken interpretation of 
the formula for y, Dr. Mills has inferred the existence of 
turning-points~ of which in reality it affords no indication. 
If, owing to the ambiguous definition of y~ we are wrong in 
the above supposition, we think that the supposed higher 
turning-points are too far outside the range of the experi- 
ments to admit of the application of the formulm to these 
determinations. 

(4) For the reasons given we consider Dr. Mills's ex- 
periments with the open thermometer inconclusive; and the 
inference drawn from them is rendered still more doubtful by 
the results of our own observations. 

II. On the Conservation of Electricity, and tlte Absolute Scale 
of JElectrie Potential. By  Professor SIr,VAgUS P. TEo~eso~, 
D.Sc., B.A.* 

1. T H E  Law of Conservation of Electricity.--In art. 35 of 
- "  Clerk Maxwell's ~Electricity and Magnetism' the 

following paragraph occurs : - -  
"While admitting electricity~ as we have now done, to the 

rank of a physical quantity, we must not too hastily assume 
that it is~ or is not, a substanc% or that it is, or is not~ 
a form of energy, or that it belongs to any known category 
of physical quantities. All that we have hitherto proved is 
that it cannot be created or annihilated; so that, if the total 
quantity of electricity within a closed surface is increased or 
diminished, the increase or diminution must have passed in or 
out through the closed surface." 

In the paragraphs immediately preceding that quoted, it 
had been pointed out what experimental evidence there is for 
the conclusion that, when the electrification is in any way pro- 
dueed~ the algebraic sum of the + and -- electrifications is 
zero. It results at once from this that, whatever the ultimate 
nature of electricity may b% it so far behaves like an incom- 
pressible fluid as to be subject to a law, resembling the Hydro- 
kinetic Law of Continuity~ of the general form 

du dv dw =o, 

where u~ v, w are the three components of the flow of electri- 
city resolved along rectangular coordinates. 

* Communicated by the Author. 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

3:
59

 0
2 

Ju
ne

 2
01

6 


